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(57)Abstract: 

PROBLEM TO BE SOLVED: To manufacture a thin film semiconductor device of high 
performance and high reliability at a relatively low temperature by depositing an insulation film 
continuously through plasma chemical vapor deposition after irradiating a semiconductor film 
with plasma consisting of mixture gas of rare gas and oxidizing gas. 

SOLUTION: First as a first process, a semiconductor film of polycrystalline silicon is formed on 
an insulating substance of a layer insulation film, etc.. of a glass substrate. Then, as a second 
process, an insulation film is formed on a semiconductor film at about 450** C or lower. The 
insulating film is formed by forming a first plasma oxide film in a semiconductor film surface 
layer part, by irradiating a semiconductor film formed in the first process with plasma consisting 
of mixture gas of rare gas such as helium and oxidizing gas such as oxygen and furthermore 
depositing a second deposition insulation film continuously by plasma chemical vapor deposition. 
In this way, a quality interface transition region and high performance for a thin-film 
semiconductor device can be realized readily. 
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-rih^^^mmm (PEcvDit) KxmBm^mmT 

im^ms] mm^mwmmm (s i) ^±i^t^ 

[fi^3S4] m^tmimtmitmm (s i : o< 

x^2) ^±i^t^i.xm^^^^m.t-t^m^mi7b 

[fS^^ 5 1 mw^yy :^'^<D-:f9 :^'^mi>^y 

(VHFK) T-*-^*^^4#m^-r5f»^iSl7!?M4(OV> 

im^m 8 ] mumiiiM^(Dm^m.&tf^ 450 1:^^ 
m^f>>2<youmu±4%u&^T'^^^m^f\i^mt^^ 



im^m 1 5 1 mum^i:n^<Dm^umi)> 4 2 5 

|S>^^X-e<D:7^^X'^M:d5 7i^:^^S (r fife) X^^. 
[0001] 

(TFT) ^{c>R;^^t^^»J^^^^S^g<Z)j^3t;^&^c 

ii-r^o Mtci^u<f^. :^mmmnm^mxmmmz'M 

[0 0 0 2] 

m^<Dmm] ^m&mmmmh9>^i^:^d' (p-s i 
TFT) Kn.m^thi>^mi^mm^^mfj:vim:^y^ 
m^^^m u#s 4 5 ox:nm^T(D^mcxmm'^ 
m^. ^^&.T<otu^m^:^mmhiixmtio ^-r^ 

:3ev-^i/-if-Mlt)£?:^^-e#^^B^^M (p-s i 
^ffi^ffij^ (CVDfe) -^i^S^ft^aife (PVDife) 

tcT 1 0 0 nmaa[ic?!^j5^-r^o m^-^^^^^mx^— 
hy^'z^y^i^ (MO s -PET) ^mf^'^vit^xmit^ 

[0 0 0 3] 

(D^mi^mmcomm^mxn^mi^m t m^tmmm t <d 
^t^K,xm^. ^(D:^^o^m:i^*^mi!bxm^x^^ t(DWk 
\cxp-s i T F T^<D^^mi^mm^mm^^ t . ^ 

[0 0 04] ^ :ix:^^mi'X±m(Dm^m^^^. t(o 
nmti-^mi'X4 5 ot:@s^^Ti:(7)^£^axe-c«^^^^.c 
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[0 0 0 5] 
[0 0 0 6] 

tC^^^Bam (p-Si) (cf-^^$n5^^i*:]^$rJi^^ 

^^^Bm\^m^xnit(D^m\^m^. n^mL^m 
b-r t<D^^hm^ bti^o ^m^i^mnmm (s i) ^ 

mm^/l-^=^^J>^ (Si^Gei_^:0<x<l)^ 

1iuM^j::5^mi^mmx^^Xhmt>^j:^^tK ^Mlr^^f 

±) ti.xm^^mi^mw:dmtix^^o ^mi^mn^ 
m^nmmm (pvum) ^it^m.^mm^ (cvd 

(LPCVDfe) . (PECV 

^Bwm'^u^Bmi^t^^^w^ti^. ^mi^mmcDmw^n 

c . nu:5^>5^-^*^) ^ LTf^^Sii:^ 

Jit ^ «:5sfMKllc#^^BHlS^iSaHKSrj^S{b L:fe »9 . ^ 



[0 00 7] m^w.r.iMh \.xtmm^^Mwm.±.\^ 

:^mtmmt i.xm^^^mi^mm^4¥^wmmnm^m 
frsi® (a-s i TFT) :6m^^n^vimify:^m 

os-FET(DV-htmmtvxmm'r^o iimm\^ 

^V^J^ (He) (Ne) . T/^^^V (A 

r) . ^^)':fVly (Kr) . :^r-fe>/^^ (Xe) irSofc 

^:=^;;^<ir. mm (O2) (h^o) . mkitmm 
(N^o) ^^ofc^{bi^m^tc^^'^^<^;e>^b^^:/ 

^X^^. ^-xer^?i^^$tLfc^«(*:]^(Cfi^ttLT^ 

Ml-ajRUT:7^^X-^<t:^^ffi±iai£ (pecvd^) 

Kx'^-iDmm^mM^mm^^^xm^^^x^o 

nmmm<Dw^^m\.xmwu^fh:bo mn<onm¥mw 

mm.x}%^— vmuB^t uxs 0 nmnMt^h 1 5 0 n 

»9 <Ol?^Sr^Jtit*>> 2 0 n inmSd^e> 14 6 

^icm5<p(cS5fe-rSo is-xmr*?i^^^nfe¥«ft:M 
xnhMz.m-<o':/^::<'^mitm(o^mmom'mi\im 

^(SiO^:0<x^2) ^^^So mX(0^a«fe3&K 
t V.Xmki\l^m (SiO^:0<x^2) ^^fb^^ 
(Si3N^:0<x^4). m^^^^<DmMf^i>^M 

x^xm^o 

[0 0 0 8] ^'^::^tm\:\^%^t(DiM^^m.m^hj^^ 

B (PECVD^M) ^(OTT'^X-r^^^giCTtT^o 
'zr'7:^'^mh\^X\Xy^y'^^ {x \Z. 5 6MH 

z ^ltk<7)iEiS1^*Z>;ife»-C 2 7. 1 2 MH z ^) ^jgffi 
(VHFgt: 1 0 OMHz=^Sd^bS:BrMHz(D^ 

m^^^-r^mMm . (2. 4 5g 

Hz -^8. 3GH z^(7)GH z^cDj^K^^^-r-Smfi^ 
S) 255^ffi$tv5o ^i^i^&^-^-f ^nKSr;Hv>tut^>^ 
^X-x-i^S^sJidSSorN ^ft;555fijtlriifT-r^o 
U/ct^^b 5 5 OmmX 6 5 0 mm ^ Sofc^T^^z^M^^ 
tCl^ttiS-rsm.^ P E C VD^E^^ffi <i:coa.^;6> 
b«13. 5 6MH z ^Cft^$t^^7i^:^iK<^ffiffi*5* 
jS-e^^o ^'g^:/7X-7(Dfi^M^fT5^lcfi. ^:;tf>«:^ 



-3- 



^x-^Mi: uxv^s p EcvDmrn^^m^^m^ia-x 

So vt^xmm»^ii^^:^:^<Dm^m^<b^^/i-^-^ 
^s^a:ds^^$ti.So moi^x^^:^thfz.mmm^m 

^mm\:^^\^m^xmi^x^ 4 5 o*t:75M«:4 0 one 

u&^m t (D^m.x^^ X h ^m^j^^(D^^m 

t^T^m-m^. »f< vx^m»m(Di&ux<DWtitt^m 

&^mx\^::fy>:^^(omim^t^m^m\^m<omt^(i^ 

<}^\^xmit^»s^^miim^-mk.xj±no^. ^^^m 
it\m^mi^m(Dmt.moxitn^. y^^^ny^^^c-^ 

^mi\:i^m,P^<Dm^^ 1 %m^^± 6 %mmmmt^i^ 
\t^£htii\^\ m^-rti^sr iy^:x^xm^xh^mm 

^^mx^^o ^m^m(D^m»mmo:)mm:Lu^xy' 
y:^*'^mitj:u^m^rzmmumi^^mwmmmmxfi 

Ts gP'^4 2 5X:mm}^T(0^mxmr.xM^no\::- 

im'^i^m^^^m(Dm^m±t^f3.}t0,(b-r. mem 



4. 5%s^^ss^rSie:^®d?wso M\ef^&mm^^ 
^%:m^m vxi^miicmm^mtcic'^^i^^^ii^^m:fy>^ 

So 

[0 0 0 9] ^ ^{bii^f^ (D?E^^^^7!)> 

<thio ox:um)^±x^^mm'^ lv\ 9c\chm. 
^m^^-^mt^^. ^mi^mmm^x.m^x<DmMmM 

±m:^9:^m^x^<Dm^t^o. 7mmmm^Tt^<:> 

fz. ^^Bnmmmm^^mi^mm(Dmm{c^m^nxm^ 
mx<Dm.m:if^::^m^^Bmemmm^^m\c^^^ 

[0 0 10] ^»«s:]^^®*|5lcm-(D.>^^X-r^^t:Jg^ 

m^i^fzm. M^^^^^m<mmi^xmr.(Dmmmm 
m^mm^^o y-hmmm^x(D:^mMti:tmM^^ 

m\:MTt^^m^mimi^^(o^. ^^^x-^^n^f^ 

x-v' ^5ir s*<^^v ^r i^^J!^^®^ <t 1^-^^ a: 

i^Jt ss«taK h m^mmmz-^n s <b tmn 
t>3 o'cas^i^ir-rso mb^-^^x^commfiinx 

10 0 1 1 ] mmmmh x^xmc^m^nm^^mz. 

\mM%.^h\^X^ y ^^"y^^ (S iH^) ^^Jl/yi^ 
(S i 2H6) . -J^Ti^fX.-yyl^ (S i ^H^C 

1 2) ^<D^yy'-y%.W^. 7!?MfiTEOS (s i (oc^ 

H5) 4) ^(Dmn^^\\:.^mh. mm (02) ^ee^ 

H3) (N2) ^^omb^4^#:i:^;^v^So 

[0 0 12] »f«(cL.riH^»flcMt. ^(ommmz.'fy 
X'^^>ft:i£tcT#p5t^fcB-o:7^^X-^^>fbM^ P E c 

VDifelCT#e)tlfcm-Oitmte^^?l^fiKL. MOS 
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nms«co««c) ±mm^tihvxm^o mcMvx 
^^mt.mmms. i o o ^ x-efiP.tt^ 3 o fm&n 

^Mf^'^M^i^vxm^\c(o^tj:h'r. m^^mcow 
mmmm^L^^vxm^\^(D^tj:ib^. ) :/^X'^^<h 
mmh2. 5nmu^^mtm<^ox\^^rc^ vt^x'^ 

x^^\ ^mm^m^±mmi^ti\:i.xm^o it^m 
K.xmimmhm<^M'i^^M^i><p^^j:<. ^ti^^^m 

[0013] mmm 1 ) :^m^m<Dy^X'^mi[imx 

T^-To ^^^X-^^^fbita^tiNMa Q -cm (10 

0) (D^^^^mmmi^^m^^xm^htiti. ^-rmmm 
[00141 ( 1 ) m^s-^m^Ki^^^ y::fr2 \ffvr}v 

(2) ^^/^yy >-^$tL/cM^i5fe# (2 7^. 55> 

(3) r>'^c=.ril7K*?^ (sot:. 55>r«^) 

(4) ^^^^:/y ^-^r^^xfcj^TKi^s^ (2 7t:. 55> 

(5) iit^7K^?f^ (9 7t:. 5^9-^ 

(6) mM^^':f^)^^^^f^tcMim.W (2 7*^ 55^^ 

(7) #«^^^7K^ (^»«K1. 6 7%) (2 

7t:. 2 0#P^) 

(8) ^^/^:/y ^-^^ttytJfiGTKiJfe^ (2 7t:. 5 5> 

^mk^c^^x^^. mo\^xmw^f\^fz.wmm\^-^ 
^x-^^fbJ^^PEcvD^gtcT^^g^^fco Jbias 

# i (T^W^mWtmT X^Xt-hrnkt"^ PEC V D^®0 

X7X-e^3s^ic^m^tL5i^<^^r^i*jKii 5 5>rax-^ 

[0 0 15] PECVDi^Witfcll^^A^'^M'C^^^ 



X-^riXSI^^iSS: (13. 5 6 MHz) (O^y'^Ji^-^m 

^mM^m^x^W'WMMm-c^^^'^^. ^^^x-^ 

H't'-C/LO. 1 t o r r 1 0 t o r rSi^«0^*JE:R 

¥ff5F*Km«^?i^^-r$o r(7)5|£tT^^m®^:6sx7x 

-^^cQiS^^J^^^o :2^M^i^T-ffiV^fcPECVDi^®{i4 
7 OmmX 5 6 0 mmCO^l^tT^^ttS^Mx.. jlfc^^tT 

18. 0mmd>ib3 7. 0 mm(D|^^T g 1* (C^^ 
Ut6o iH:JCiS:CTX^X-9-^3g^cD^ati4 7 3 8 c 
m^;^>b9 7 3 8 cm^ i:^>fb-r:5o XttM^iSBI^^ 
^COffitC^^bfcJ^. 4 7 OmmX 5 6 OmiiKD^lz:;^ 

f^Tcom@r«igg8i<?^^^fm^^ o . 5 mmr** 

nx 2 %mSJ^ilT ^ 9 S«>r*l;K/ce X^ X-7:dSX^ X 

e> tbTJg 0 . TlFB¥«m®<oias^ 250 1:;^^ b 4 

0 0^(Z)FHl-T?ftic{C|l^b#^o J^5a2mm^^l^fcT 
XM^. LT3 6 OmmX 4 6 ^mmh(r>^^ fii 

m^^Wi\.x%w^Hm.&mm^^2X.^j.^\z.^^^ii'^ 

^ffi J; 19 Pi&i^-~/c^JE;/3r*X7X-r^3S^(ciifLti.W5o ^ 
r-m^b. w^ism^Fpitrx^x-x-^r^^^iir^o 

y^\c^^x^ji^\^-K^ < ^ t(Dmn.^'<r^WLWmf^(o^ 

i5^i5^i5^>';^<Di 0 0f&£XJi:d5^if^bi\ r 9 Ufc^^tc 

i^y) 4 7 0 mm X 5 6 0 mm ^ (^:^^±^^^mil^® 

J: 19 J^cf JE;:^ r*^i^:^::^f ;^ X ^ X-^^aS^tc?^ A ^ 
I^Np(c#^:^^;i5X^X'^^S^j6>f>i^-Cco;^fRjtc 

(c«c!9 0f^O^ttc^^$n^o XX^X-^^M^f^cDJE 
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[0 0 16] ;$:^?^{wffiv^fcPECVDS^g^i:Jb3^(7>^D 
m^^^ 3 6 OmmX 4 6 b mm t <D^m^^\^n^>^'^ 

{C5fetJE&W5l5. mV^b SO mmy.es 0mm t(r>^^i^m. 

^ffJfflLrt>^V\ mx.yt2^(D2 7 . 12MHz^3 
fe<7)4 0. 6 8MHz. 4fgCD5 4. 2 4MHz^t>* 
Slj-e^So HJCfil 0 0MHz'-lGHzaS<?5VHF 

:d-eS:WMH zmS<OVHF&T*Wtb{^5|Z^2|z:^«SirB^ 

P.^ (C^ V ^fc P E C V D S^gCOii? j^fe^^M t > ^ 

10 0 17] :$immm 1 r-i^. m^nTn^^mm<om 
#^^^l:i§m^(^-i:-t-So ^J^f^^^^i 0 0 sec 

M^^i; ':>-^^4 9 0 0 SCCMStU TT'yX-^^S^ 
^(Dmt)^ 1 . 5 T o r r {C^o, 5p^y5p|^^^Fp^j^g| 

mtf£^fz^^(ommmmm^mM\^3 5 o'cxm^o is: 
mmm\cMm^^wmi.x:fy:^^-^^m±^^. ^mi^ 

[0018] :O2 = 100SCCM 

--y l>AMft :He = 4900SCCM 
2. 0%) 

: RF = 5 0 OW (0. 19W/cni 

^) 

WJl :P=1. STorr 

S = 2 1. 6 mm 

TW^^nmM.^ :Tsus = 375*t: 

^nw^mmM& t s u b = 3 5 ot: 

: t = 5 0 013? 
jtfcO^^T-Cam^MtCJt 5 . 3 n mOle^bj^^dS^^g-T 



O50>^2OO|J>. 3 0 03B>i:br:/7X-^ife'fk;^^To 

2%i:i5br^5c?D^^^:^^^ ur--y 
ife^jicffl^u r/v=?>'*«^®&^2%<bi2UT*rs<o>&s 

mi lc:lm®5^o^^c^^e^^^ff^c^ybs®?^ 1 0 o%r*o 
-zt^ m 1 ^»icji3fi^^ 100 % <t iB-r) 

m^^i^<D 5 0 0 0 S C CMd^^J^^^^^CO 5 0 0 0 
{4=^bfCo gll;0^^5J'd^S^ic:2js:jp^^(ctfic«9^^^^J:t) 

[0 0 19] (mmm2) m2 (a) (d) f^MOS 

0 1 t\.xm,^t^e ^ oX:.m.&<Dm.^mrji^:^^:^y:^ 
<S^^V^;to ^-r^l 0 l±i^ECR-PECVD^-e 

mi\:Mmm^ 2 0 0 n mi^&mm -r^^mm 1 0 2 

^bfCo ^>ft:il^J^<^ECR-PECVD?£T*(DJtffl* 
[0 0 2 0] 

v^7>^ (S i H4) • • • 6 0 s c cm 

^* (02) • • • 1 0 0 s c cm 

JE;^ • • • 2. 4 OmT o r r 

(2. 4 5GH z) W;^ • • • 2 2 5 OW 
^^W^ • • •875Gauss 

mm^^ • • • 1 0 ot: 
^j^^r^ • • • 4 OS? 

LPCVDi£{rT6 5 nmm^<7)]^{C±i^UfCo LP 
CVD^g^i3^^>y h - ^^—^vmx^mt^l 8 4. 5 1 

r% ^imiK%<DKJ^MmWitmA 4 o o o c m ^ -ew 

-So Jtffi^a^fi 4 2 5 X:xmPr:iSP. t VXm& 9 9.9 
9%JeJL±<7>v^v'7^^ (S i aHg) ^.^V\ 200 sc 

c m^;^;:^t^:#tJ^Lfco ±i«JE;^fm-^ l . l T o r r 

xm ^ . it<DmwTx^mm(Dmmmmi^ o . 7 7 n m 
/m i nx^otz^ mm^ci^x^htiti^^Bm^^mi^m 

\Z^±y>Mm (XeCl) ^^Wlx— if— ^fis.ttu 

x^^mi^m<D^&^t^mi!btco m^\y-^-^^^i^^- 
«?sti4 2 5mj • cm^^T. ^^mi^mtmmjji^^ 
mem ^ ^^mMi.x'^B^itt^^'T^^^^/i^^-^m 

J:t)t>10mJ • cm"•^^gV^r^;^/U^— ^^-e^o 

fco i/-1?'~-^^^0>fl:^Tmo#^rBa^^^<Dj9;^fi6 

1 . 8 nmXmotCo r p bT3eS14^#i^M (^^^b 
^i^i^oa 10 3 bfco (g! 2 - a ) 



-6- 



[00 2 11 ( 1 ) j^^iSMttlciflc-s-r y^u bVi-T/v 
=i-/wfti* (2 7t:. 5 5^F^) 

(2) :^^$ttyS:»E7Ki^r^ (2 7t:. 5» 

(3) T>^:='rmyKm^ (sec. 5:$^f^) 

(4) ^my<zfv i^^^tiitm^m^ (2 7t:. 5:$^ 

(5) mmMTkm^ (9 7^. 55^r^) 

(6) mmy<^v>^^fitif^7^m» (2 7t:. 5^9- 

(7) ^^^mTi^mm (^^MSi. 6 7%) gfc^ (2 

7*C. 2 0#^) 

(8) >-^$tL:t«ifi7Kft^ (2 7t:. 

±IB 8 # g <7>JK7K^^^f^;65^|.T \^Xf>^ hmUib^ P E C V D 

So 

[0 0 2 2] K^«fl: :O2 = 100SCCM 
A^fi :He = 4900SC CM 

2. 0%) 

7v^:^"i^J^Sctii::t? :RF = 500W(0. 1 9W/cm 
^) 

iE;^ :P=1. 5Torr 
nW^^BM : S = 2 1 . 6 mm 
T^W-UmMUm :Tsus = 37 5*C 
:^y:^S^mmum : T s u b = 3 5 Ot: 
>^7X-^^S^Fp^ : t = 3 0 Oli? 

ja:fo^frTt??^^^ffi{c« 5 n mum(omitm'^m^ u 

[0 0 2 3] m^BM : O 2 = 1 2 0 0 S CCM 
T/l-=^':/l5^ft :Ar=4700SC CM 
TEOSirgfl: :TEOS=100 S CCM 
yi^:tMm&ti^ti : RF = 0W (>^^X^f:i5ir?^^V^) 
JE;^ :P=1.5Torr 
mmr^^BM : S = 2 O . 9 mm 
raS^PSm^mit :Tsus=37 5t: 
:ffy^m^mmum : T s u b = 3 5 ot: 

[00 24] gg^^fgft :O2 = 1200SC CM 



r/W=':/SEfi: Ar=4 7 00SCCM 
TEOSiJftS : TEOS=100 SCCM 
9i^:tmm&mtJ:RF=lOOOW iO, 3 8W/c 
m^) 

JE;^ :P=1. 5Torr 
nMf^^M : S = 2 0 . 9 mm 

Tuw-^mmmm t s u s = 3 7 st: 

:^'7y^m^mMMM : T s u b = 3 5 O^C 

mm^m : t = 3 3# 

\^xm&^mim^m^r\^xm-^Mm^n^ 

fCo ^Sl 6%cO:^>fb7Km^7K^l^^^^^i-^/^T*9 
a?aftf^3 4 5*t^T*^3S^^Ji:2^ra. ^m^^HJ^M^ 

^\^m^^xm<t^^<Dy^tiyiyjtm^&< B^ximm 
7i<.mM.^^^^^xrrt>ti. ^mm-m.m\^^^tix^ 

So 

[0 0 2 5] Mo i.xm^:iimmT i^tLmicmmum 

[0 0 2 6] mmn^mT^^. m'h{cmmt9c\^fd^\^ 
i^mtmitm\^M\.x7km^^:^-^mmm^fifto tk 

[0 0 2 7] TK^gftl: :H2=1000SCCM 

: RF= 1 0 OW (0. 0 3 8W/c 

m^) 

^ti :P = 0. STorr 

^I^F^SgSI : S = 2 5 mm 
TUW^WiMUUSt : T s u s = 3 5 OX: 
:?tf^;^^S^iDmS :Tsub = 32 5t: 

>^^X-r^l|0^FB^ : t = 9 0# 

b) 

^ m^^x^mmm{cm ^^-hmmi 0 5 ^p^y< >y ^ 
—m^^xj^^-r^o :^y<^y^—^(Dm^mLmm 5 ox: 

m(Diy—hm7in2. 5 4 Q/n-cwofco ^^{cy— h 

0 6Srfr*>3i^> y— >^ • KW:^®«i 

0 7 t^-r'^^/^i^^mmi 0 8^y-bm^i{^^bT 

iei^-^^^JlCf^^-rSo *^lfe««J2-C{^CMOS^#f* 
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nPMOS h^>iy^i^^^r/i^^:=^^J^ (Al) 
^^^tiity:t:^\:i^:y (PH3) ^mxJ^. mmnm? 

1) »^T'Soyb±T\ ^^^^^mt\^X7^m^\^s% 

mEE 7 0 k V \^Xy^m^^Aytin^ 4x10^® 
-<:/ffiiS{;iiT^5Z^A/fco (dli-c) -Y:^^:xiT^i2^^^ 
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